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Description
Technical Field

[0001] The present invention relates generally to an
apparatus and method of transmitting and/or receiving
broadcast data. More particularly, the present invention
relates to an apparatus and method of transmitting/re-
ceiving broadcast data based on encoding and decoding
technologies.

Background Art

[0002] Typically, in a broadcast network, multimedia
content is communicated with Moving Picture Experts
Group-2 Transport Streams (MPEG-2 TS). Especially, it
is desirable to use the MPEG-2 TS in transmitting bit-
streams into which a plurality of broadcast programs are
multiplexed in erroneous transmit environments. For ex-
ample, MPEG-2 TS is suitable to use in broadcast serv-
ices for Digital Televisions (DTVs).

[0003] FIG. 1 depicts a hierarchical structure for sup-
porting the MPEG-2 TS according to the related art.
[0004] Referring to FIG. 1, the hierarchical structure
for supporting the MPEG-2 TS consists of a media coding
layer 110, a sync layer 120, a delivery layer 130, a net-
work layer 140, a data link layer 150, and a physical layer
160. The media coding layer 110 and the sync layer 120
configure media data in a formatto be used as basic units
for recording and transmission. The delivery layer 130,
the network layer 140, the data link layer 150, and the
physical layer 160 configure data blocks in the format
configured in the sync layer 120 so as to be multimedia
frames for recording in a separate recording medium or
transmission. The multimedia frames are transmitted to
a subscriber’s terminal via a predetermined network.
[0005] The sync layer 120 includes a fragment block
122 and an access unit 124, and the delivery layer 130
includes MPEG-2 TS/ Moving Picture Experts Group-4
(MP4) unit 132, Real-time Transport Protocol/Hypertext
Transfer Protocol (RTP/HTTP) unit 134, and User Data-
gram Protocol/Transmission Control Protocol unit
(UDP/TCP) 136.

[0006] However, the MPEG-2 TS has several con-
strains on supporting multimedia services, such as uni-
directional communication, transmission inefficiency due
to fixed frame size, and unnecessary overhead occur-
rence when a transfer protocol dedicated to audio/video
and the Internet protocol (IP) are used for transmission.
Thus, MPEG has newly proposed an MPEG Media
Transport (MMT) standard as one of the multimedia
transfer technologies for providing MPEG-based multi-
media services. The MMT standard has been proposed
to address the constraints of the MPEG-2 TS.

[0007] Forexample,the MMT standard can be applied
to support efficient hybrid contents delivery services over
heterogeneous networks. The hybrid content delivery
service refers to a service of offering contents having
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hybrid multimedia elements, such as video, audio, appli-
cations, and other similar and/or suitable elements. The
heterogeneous network refers to a network in which a
broadcasting network and a communication network are
mixed. Furthermore, the MMT standard aims at defining
a more IP-friendly transfer technology, the IP having
been considered a basic technology in a transfer network
for multimedia services.

[0008] Therefore, the MMT standard for providing an
efficient MPEG transfer technology in a representative
IP-based changing multimedia service environment is in
progress of standardization with ongoing research. The
MMT standard uses a preparation for a scheme to pro-
vide the efficient MPEG transfer technology in recent
multimedia service environments of attempting to pro-
vide hybrid networks and hybrid content transfer servic-
es. On the other hand, an MMT system provides high-
capacity content, such as High Definition (HD) content,
Ultrahigh High Definition (UHD) content, or other similar
and/or suitable content, in various ways.

[0009] In the MMT system, as the content gets more
diversified and has higher capacity, data congestion be-
comes serious. This leads to a failure to deliver content
data transmitted by a transmitter to a receiver, and thus
to a situation in which all or a part of the transmitted con-
tent data is missing during transmission without arriving
at the receiver. In general, data is transmitted in packets
and so that data loss occurs in a unit of a packet. The
packet loss that may occurr in the MMT system causes
various problems, such as degradation of audio quality,
degradation of video quality or break in screen, subtitle
omission, file loss, and other similar problems. Thus, the
MMT system employs an error-control technology to re-
duce the information or data loss that may be possibly
caused due to network congestion depending on channel
conditions. A representative example of the error-control
technology is an Application Layer-Forward Error Cor-
rection (AL-FEC) scheme.

[0010] However, inorder to apply the AL-FEC scheme
in the MMT system that supports the hybrid content de-
livery service, different types of contents for the hybrid
content delivery service should meet different Quality of
Service (QoS) requirements. Forexample, audio and vid-
eo data uses QoS that allows partial loss but the least
delay. On the contrary, file data uses QoS that allows a
little delay but the least loss. For example, for Scalable
Video Coding (SVC), content corresponding to a base
layer, which may be relatively more important than con-
tent corresponding to an enhanced layer, should have
protection based on relatively stronger encoding. The
same is the case for Multi-View Coding (MVC). In other
words, in a case of 3-Dimensional (3D) content, a left
view is considered the base layer and a right view is con-
sidered the enhanced layer, and so the left view, which
is the base layer, uses stronger protection. Thus, an AL-
FEC technology should efficiently protect a plurality of
contents that have different QoS requirements in the
MMT system supporting the hybrid content delivery serv-
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ice.

[0011] The above information is presented as back-
ground information only to assist with an understanding
of the present disclosure. No determination has been
made, and no assertion is made, as to whether any of
the above might be applicable as prior art with regard to
the present invention.

Disclosure of Invention
Technical Problem

[0012] Aspects of the presentinvention are to address
atleast the above-mentioned problems and/or disadvan-
tages and to provide at least the advantages described
below. Accordingly, an aspect of the present invention is
to provide an apparatus and method of encoding and
decoding a source block including different kinds of data
having different Quality of Service (QoS) requirements,
in consideration of the QoS.

[0013] Another aspect of the present invention is to
provide an encoding apparatus and method of determin-
ing a two-stage FEC encoding scheme to be applied in
encoding a source block including different kinds of data
that have different QoS requirements in two stages ac-
cording to the types of data segments that make up the
source block.

[0014] Another aspect of the present invention is to
provide an encoding apparatus and method of configur-
ing coded signal information in encoding a source block
including different kinds of data having different QoS re-
quirements in two stages.

[0015] Another aspect of the present invention is to
provide an encoding apparatus and method of having
coded signal information contain information for identify-
ing what is subject to extended encoding when encoding
a source block made up of different kinds of data having
different QoS requirements in two stages.

[0016] Another aspect of the present invention is to
provide a flag for identifying whether an object to be sub-
jectto extended encoding is an entire source block made
up of different kinds of data having different QoS require-
ments or a particular type of data segments within the
source block when encoding the source block in two stag-
es.

[0017] Another aspect of the present invention is to
provide a scheme for including position information of
payloads within a source coded block resulting from a
two-stage encoding of a source block made up of different
kinds of data having different QoS requirements in a cod-
ed signal information when encoding the source block in
two stages.

Solution to Problem
[0018] In accordance with an aspect of the present in-

vention, a method of encoding a source block including
different types of data payloads that require different
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Quality of Service (QoS) in a coding apparatus is provid-
ed. The method includes dividing the source block into
a predetermined number M of sub blocks, generating a
predetermined number P1 of base parity payloads cor-
responding to each of the predetermined number M of
sub blocks by performing first Forward Error Correction
(FEC) encoding on each of the predetermined number
M of sub blocks, generating a predetermined number P2
of extended parity payloads corresponding to the source
block by performing second FEC encoding on a particular
type of data payloads among data payloads that make
up the source block, and configuring a source coded
block based on a predetermined number N of sub coded
blocks including the predetermined number M of sub
blocks and the predetermined number P1 of base parity
payloads generated corresponding to each of the prede-
termined number M of sub blocks, and the predetermined
number P2 of extended parity payloads.

[0019] In accordance with another aspect of the
present invention, a coding apparatus for encoding a
source block including different types of data payloads
that require different Quality of Service (QoS) is provided.
The apparatus includes an encoder for generating a pre-
determined number P1 of base parity payloads that cor-
respond to each of a predetermined number M of sub
blocks generated by dividing the source block by per-
forming first FEC encoding on each of the predetermined
number M of sub blocks, and for generating a predeter-
mined number P2 of extended parity payloads that cor-
respond to the source block by performing second FEC
encoding on a particular type of data payloads among
data payloads that make up the source block, and a pack-
etizer for configuring a source coded block based on a
predetermined number N of sub coded blocks including
the predetermined number M of sub blocks and the pre-
determined number P1 of base parity payloads generat-
ed corresponding to each of the predetermined number
M of sub blocks, and the predetermined number P2 of
extended parity payloads.

[0020] Other aspects, advantages, and salient fea-
tures of the invention will become apparent to those
skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings,
discloses exemplary embodiments of the invention.

Brief Description of Drawings

[0021] The above and other aspects, features, and ad-
vantages of certain exemplary embodiments of the
present invention will be more apparent from the follow-
ing description taken in conjunction with the accompa-
nying drawings, in which:

FIG. 1 shows a hierarchical structure for supporting
the MPEG-2 TS according to the related art;

FIGs. 2a and 2b show structures of a source coded
block (or Forward Error Correction (FEC) block) gen-
erated in an encoding apparatus according to an ex-
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emplary embodiment of the present invention.

FIG. 3 shows a full two-stage FEC encoding scheme
according to an exemplary embodiment of the
present invention;

FIG. 4 shows a partial two-stage FEC encoding
scheme, according to an exemplary embodiment of
the present invention;

FIGs. 5 to 7 show types of data segments that make
up a source block, according to an exemplary em-
bodiment of the present invention;

FIG. 8 shows a transfer of coded signal information
using in-band signaling, according to an exemplary
embodiment of the present invention;

FIG. 9 is a structure of a source packet that makes
up a source part of a sub coded block for transferring
the coded signal information using in-band signaling,
according to an exemplary embodiment of the
present invention;

FIG. 10 is a structure of a parity packet that makes
up a parity part of a sub coded block for transferring
the coded signal information using in-band signaling,
according to an exemplary embodiment of the
present invention;

FIG. 11 is a structure of an MMT header ofan MPEG
Media Transport (MMT) packet that corresponds to
the source packet of FIG. 9 or the parity packet of
FIG. 10, according to an exemplary embodiment of
the present invention;

FIGs. 12a to 12d show structures of an FEC In-band
signals of the MMT packet that corresponds to the
source packet of FIG. 9 or the parity packet of FIG.
10, according to an exemplary embodiment of the
present invention;

FIGs. 13a and 13b show implementations of the par-
tial two-stage FEC encoding scheme with in-band
signaling, according to an exemplary embodiment
of the present invention;

FIG. 14 shows a block diagram of an apparatus for
transmitting the coded signal information using out-
band signaling, according to an exemplary embodi-
ment of the present invention; and

FIG. 15 shows a block diagram of an apparatus for
transmitting the coded signal information using in-
band signaling, according to an exemplary embodi-
ment of the present invention.

Throughout the drawings, it should be noted that like
reference numbers are used to depict the same or
similar elements, features, and structures.

Mode for the Invention

[0022] The following description with reference to the
accompanying drawings is provided to assist in a com-
prehensive understanding of exemplary embodiments of
the invention as defined by the claims and their equiva-
lents. It includes various specific details to assist in that
understanding but these are to be regarded as merely
exemplary. Accordingly, those of ordinary skill in the art
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will recognize that various changes and modifications of
the embodiments described herein can be made without
departing from the scope and spirit of the invention. In
addition, descriptions of well-known functions and con-
structions may be omitted for clarity and conciseness.
[0023] The terms and words used in the following de-
scription and claims are not limited to the bibliographical
meanings, but, are merely used by the inventor to enable
a clear and consistent understanding of the invention.
Accordingly, it should be apparent to those skilled in the
art that the following description of exemplary embodi-
ments of the present invention is provided for illustration
purpose only and not for the purpose of limiting the in-
vention as defined by the appended claims and their
equivalents.

[0024] Itis to be understood that the singular forms "a,"
"an," and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference
to "a component surface" includes reference to one or
more of such surfaces.

[0025] In the following description, terms to be used in
the detailed description of the exemplary embodiments
of the present invention are defined below for conven-
ience of explanation. A source Block is a set of different
types of data segments having different QoS require-
ments for a hybrid content delivery service. A sub block
is a data block including different types of data segments
having different QoS requirements, which is obtained by
dividing the source bock by M (M is an integer equal to
or greater than 1). A data segment is a unit set of data
to be recorded in a predetermined size into the source
block or the sub block. A Forward Error Correction (FFC)
code is a code used for FEC encoding, which is an error
correction code for correcting an error or erasure symbol.
There may be various codes, such as an RS code, an
LDPC, a Raptor code, a Raptor Q code, an XOR code,
etc. used as the FEC code. A FFC Coding is encoding
to be performed on the source block, sub block, or a
particular type of data segments that reside in the source
block with the FEC code.

[0026] Furthermore, a two stage FEC coding is an en-
coding scheme by which the sub block is subject to a first
FEC coding with a first FEC code, and the source block
or a particular type of data segments that reside in the
source block is subject to a second FEC encoding. A sub
coded block or FEC frame is a codeword generated by
the first FEC encoding of the sub block, which is com-
prised of a target sub block (i.e., a source part) to be
subject to the first FEC encoding and a parity part ob-
tained from the first FEC encoding of the target sub block.
For convenience of explanation, it is generally termed as
the sub coded block. A source part is a target sub block
to be subject to the first FEC encoding, and a set of a
predetermined number (K, an integer equal to or greater
than 1) of source payloads (or source packets) that make
up the sub coded block. Thus, the predetermined number
(K) of source payloads may be equal to data segments
that make up the target sub block. A parity part (or repair
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part) is a set of a predetermined number of parity pay-
loads (or a set of parity packets) obtained for error cor-
rection from the FEC encoding of given data.

[0027] Also, a base parity part (or base repair part) is
a set of a predetermined number (P1, an integer equal
to or greater than 1) of parity payloads (or parity packets)
that make up the sub encoded block, which are obtained
from the first FEC encoding of the target sub block. An
extended parity part (or extended repair part) is a set of
apredetermined number (P2, aninteger equal to or great-
er than 1) of parity payloads (or parity packets) obtained
from the second FEC encoding of the entire source block
or a particular type of data segments that reside in the
source block. A source coded block or FEC block is a
coded block including sub coded blocks obtained from
the first FEC encoding of the sub blocks and the extended
parity part obtained from the second FEC encoding of
the entire source block or a particular type of data seg-
ments of the source block. A source coded packet or FEC
packet is a packet including header information and the
source coded block. In case of using in-band signaling,
the header information contains coded signal information
corresponding to a source coded block or an FEC block.
A coded signal information or FEC control information is
control information referred to for reconstructing the
source coded block or to control the source coded packet
or the FEC packet. It includes configuration information
based on the two-stage FEC encoding, i.e., first FEC
configuration information and second FEC configuration
information.

[0028] Additionally, a coded signal packet or FEC con-
trol packet is a packet in which to transmit the coded
signal information or FEC control information, in case of
using out-band signaling. A symbol is a data unit in the
source block, sub block, source coded block, or sub cod-
ed block. A- source symbol is a data symbol that makes
up the source block or sub block before FEC encoding.
A coded symbol is a symbol generated by performing the
first or second FEC encoding on the source symbol,
which is a data symbol that makes up the source coded
block or sub coded block;- systematic symbol or infor-
mation symbol: one of coded symbols that belongs to the
source part. A parity symbol or repair symbol is one of
coded symbols that belongs to the parity part or repair
part. A base parity symbol or base repair symbol is one
of coded symbols that belongs to the base parity part or
base repair part; and an extended parity symbol or ex-
tended repair symbol is one of coded symbols that be-
longs to the extended parity part or extended repair part.
[0029] In following exemplary embodiments of the
present invention, the coded signal information, which is
also referred to as FEC control information, regarding
the two-stage encoding of the source block may include
different kinds of data having different QoS requirements
is newly defined. The newly defined coded signal infor-
mation refers to control information to be used for recon-
structing a source block encoded with the two-stage FEC
encoding scheme. For example, the coded signal infor-
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mation may be defined, corresponding to the two-stage
FEC encoding scheme used for encoding of the source
block. This will be described below in more detail. On the
other hand, an exemplary embodiment of the present
invention proposes a scheme for providing the coded sig-
nal information for an apparatus, such as a decoding ap-
paratus, for reconstructing the coded block generated by
the two-stage encoding.

[0030] Another exemplary embodiment of the present
invention proposes that a full two-stage encoding
scheme and a partial two-stage encoding scheme are
selectively used for the two-stage encoding. For exam-
ple, whether to use the full two-stage FEC encoding
scheme or the partial two-stage FEC encoding scheme
is determined based on the type of each data segment
that makes up the source block. The types of data seg-
ments may be classified into a first type of data segments
having data of a kind and a second type of data segments
configured by multiplexing different kinds of data. For do-
ing this, identification information to distinguish the types
should be included in header information of a data pay-
load that makes up the source block.

[0031] FIGs. 2a and 2b show structures of a source
coded block (or FEC block) generated in an encoding
apparatus, according to an exemplary embodiment of
the present invention.

[0032] FIG. 2a shows a structure of the source coded
block generated by one-stage FEC encoding of the
source block, i.e., one stage FEC coding structure.
[0033] Referringto FIG. 2a, the source block is divided
into M sub blocks, each of which has a predetermined
size. Each of the M sub blocks is FEC encoded with FEC
codes. In the FEC encoding, K source Payloads (K PLs)
and P parity Payloads (P PLs) are generated, corre-
sponding to each of M sub blocks.

[0034] The sub block is assumed to have different
types of data segments that require different Quality of
Service (QoS). The data segment is configured with data
corresponding to an asset of a same kind, or configured
by multiplexing data corresponding to different kinds of
assets. Here, the different kinds of assets may include
audio, video, file assets, and the like.

[0035] Referring to FIG. 2a, shaded sections indicate
Audio and Video (AV) source payloads, i.e. AV data, cor-
responding to audio and video assets that require the
same QoS. Dotted sections indicate file data source pay-
loads, i.e. file data, corresponding to file assets that re-
quire different QoS. In addition, white sections indicate
parity payloads. P parity payloads are comprised of P1
parity symbols generated by FEC encoding of audio and
video data segments and P2 parity symbols generated
by FEC encoding of file data segments.

[0036] Accordingly, a sub coded block obtained from
FEC encoding of a sub block is comprised of source and
parity parts. The source partincludes K source payloads,
and the parity part includes P parity payloads. As an ex-
ample, the K source payloads consist of source payloads
that correspond to audio, video, and file data segments.
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The P parity payloads consist of P1 parity payloads gen-
erated by FEC encoding of audio data segments and
video data segments and P2 parity payloads generated
by FEC encoding of file data segments.

[0037] FIG. 2b shows a structure of the source coded
block generated by two-stage FEC encoding of the
source block, i.e., two stage FEC encoding structure.
[0038] Referringto FIG. 2b, the source block is divided
into M sub blocks, each of which has a predetermined
size. M sub coded blocks are generated by performing
the first FEC encoding on each of M sub blocks. Each of
the M sub coded blocks includes K PLs and P1 parity
Payloads (P1 PLs). Second FEC encoding is performed
onthe entire source block or data segments of a particular
type, i.e. particular assets, thatreside in the source block.
By the second FEC encoding, P2 extended parity pay-
loads, such as P2b, M*P2 PLs, are generated.

[0039] Accordingly, each of sub coded blocks obtained
from the first FEC encoding is comprised of a source part
and a base parity part. The source partincludes K source
payloads. The base parity part includes P1 parity loads.
As an example, the K source payloads included in the
source part correspond to the audio, video, or file data
segment. P1 parity payloads included in the base parity
part are generated by the first FEC encoding of the audio,
video, or file data segment.

[0040] Referring to FIG. 2b, shaded sections indicate
audio and video source payloads, i.e. AV data, corre-
sponding to audio and video assets that have the same
QoS requirement. Dotted sections indicate file data
source payloads, i.e. file data, corresponding to a file
asset that requires different QoS. In addition, white sec-
tions indicate parity payloads. The second FEC encoding
is performed on all data segments in the source block or
a particular type of data segments in the source block,
such as file data segments. P2 extended parity payloads
generated by the second FEC encoding make up the
extended parity part. Thus, the source coded block is
made up by combining sub coded blocks generated by
the first FEC encoding and the extended parity part gen-
erated by the second FEC encoding.

[0041] Intheforegoing description, for a hybrid content
delivery service, such as AV streaming with files, two
cases were examined, a first case where each sub block
further includes parity symbols, such as P1+P2 FEC par-
ities, in one stage, as in FIG. 2a, and a second case
where extended parity symbols, such as M*P2 FEC par-
ities, are added to the entire M sub blocks, as in FIG. 2b.
In the hybrid content delivery service, AV data and file
data are transmitted together. The file data demands bet-
ter FEC performance than that of the AV data. Thus, in
comparison with transmission of only AV data, transmis-
sion of the AV data together with the file data further
requires an FEC parity, i.e., an extended parity symbol.
[0042] Typically, a better AV streaming service has a
less delay. In order to have the less delay in the AV
streaming service, FEC encoding has to be performed
with as short a block as possible, such as a short FEC
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code. On the contrary, the file data is not significantly
affected by the delay, but requires high FEC perform-
ance. Accordingly, the file data should be FEC encoded
with as long a block as possible, such as a long FEC
code. This is because, by the nature of FEC encoding,
long blocks shows better FEC performance than short
blocks in case of applying the same parity addition rate.
[0043] Thus, the hybrid content delivery service that
needs to transfer AV data and file data together in the
same stream requires an FEC encoding technology to
guarantee less delay for the AV data and high FEC per-
formance for the file data. An exemplary embodiment of
the presentinvention is based on the two stage FEC cod-
ing structure in which the AV data is protected with a
short block while the file data is protected with a long
block.

[0044] In the two-stage FEC coding structure, an ex-
tended parity, such as P2 parities, for an asset demand-
ing relatively high FEC performance is additionally as-
signed. In an example of the two-stage FEC coding, an
AV asset that demands less delay is FEC encoded with
a short block, and a file data that demands good FEC
performance is FEC encoded with a long block. On the
other hand, two implementations of the two-stage FEC
coding are provided as exemplary embodiments based
onwhatis subjectto the second FEC encoding performed
in addition to the first FEC encoding. A first implementa-
tion has an entire source block be subject to the second
FEC encoding. A second implementation has a particular
type of data segments that has a QoS requirement that
meets a criterion in the source block be subject to the
second FEC encoding. The first implementation may be
an option 1, which may be referred to as a full two-stage
FEC encoding scheme, and the second implementation
may be an option 2, which may be referred to as a partial
two-stage FEC encoding scheme.

[0045] FIG. 3 shows a full two-stage FEC encoding
scheme according to an exemplary embodiment of the
present invention;

[0046] ReferringtoFIG.3,asource block310isdivided
into M sub blocks 312-1, 312-2,..., 312-M. The M sub
blocks 312-1, 312-2,..., 312-M each go through the first
FEC encoding (FEC 1 Encoding) 314. M sub coded
blocks are generated by the first FEC encoding 314 cor-
responding to M sub blocks 312-1, 312-2,..., 312-M, re-
spectively. Each of the M sub coded blocks includes a
source part 316-1, 316-2, ..., 316-M and a parity part
318-1, 318-2,..., 318-M. As the source part 316-1,
316-2,..., 316-M has the same symbols as those of the
corresponding sub block, they are represented with the
same terms in the figure. The parity part 318-1, 318-2,...,
318-M has parity symbols obtained by performing the
first FEC encoding on the corresponding sub block.
[0047] On the other hand, the source block 310 goes
through second FEC encoding (FEC 2 Encoding) 320.
Extended parity symbols are obtained from the second
FEC encoding 320. The obtained extended parity sym-
bols constitute an extended parity part P2 322. Thus, the
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source coded block is made up by combining M sub cod-
ed blocks obtained from the first FEC encoding 314 and
the extended parity part 322 obtained from the second
FEC encoding 320.

[0048] As described above, in the full two-stage FEC
encoding, the entire source block is subject to the first
FEC encoding and the second FEC encoding. In other
words, the first FEC encoding is performed with a first
FEC code on each of the sub blocks divided from the
source block to generate a base parity part including a
predetermined number P1 of parity payloads. The sec-
ond FEC encoding is performed with a second FEC code
on the entire source block to generate an extended parity
part including a predetermined number P2 of parity pay-
loads.

[0049] FIG. 4 shows a partial two-stage FEC encoding
scheme according to an exemplary embodiment of the
present invention.

[0050] ReferringtoFIG.4,asourceblock410isdivided
into M sub blocks 412-1, 412-2,..., 412-M. The M sub
blocks 412-1,412-2,..., 412-M each go through first FEC
encoding (FEC 1 Encoding) 414. M sub coded blocks
are generated by the first FEC encoding 414 that corre-
spond to M sub blocks 412-1, 412-2,... , 412-M, respec-
tively. Each of the M sub coded blocks is includes a
source part 416-1, 416-2, ..., 416-M and a parity part
418-1, 418-2,..., 418-M. The source part 416-1,
416-2, ..., 416-M has the same symbols as those of the
corresponding sub block, and thus the same terms are
represented in the figure. Parity symbols obtained from
the first FEC encoding of the sub block constitute the
parity part 418-1, 418-2, ..., 418-M.

[0051] Ontheotherhand, datasegments410-1,410-2,
410-3, 410-4, 410-5, 410-6, 410-7, 410-8 of a type that
meets a predetermined condition from among different
types of data segments that make up the source block
410is subjectto second FEC encoding (FEC 2 Encoding)
420. The second FEC encoding 420 generates extended
parity symbols. The generated extended parity symbols
constitutes an extended parity part, such as an extended
parity block, P2 422. The source coded block is made up
by combining M sub coded blocks obtained from the first
FEC encoding 414 and the extended parity part 422 ob-
tained from the second FEC encoding 420.

[0052] Meanwhile, for the two-stage FEC encoding
proposed in FIG. 4, a type of data segments to be subject
to the second FEC encoding has to be determined. Thus,
a criterion for determining the type of data segments to
be subject to the second FEC encoding needs to be set
in advance. It is desirable to set the criterion by using
QoS requirements for different types of data segments
that make up sub block. For example, the criterion may
be set by selecting a type of data segments that requires
the highest QoS among different types of data segments
that make up the sub block. If the sub block includes an
audio data segment, a video data segment, and a file
data segment, one of those data segments that should
have the highest QoS satisfies the criterion. Use of the
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highest QoS implies a need for the highest FEC perform-
ance.

[0053] In general, QoS needed for each type of the
data segment is determined based on an extent of trans-
mission loss, priority, error recovery performance, trans-
fer scheme, and/ or data type. That is, a type of the data
segment demanding a little extent of transmission loss,
high priority, and/or high level of error recovery perform-
ance requires relatively high QoS. Besides, a data seg-
ment using non-timed transmission requires relatively
high QoS compared to that using timed transmission.
Furthermore, the data segment corresponding to left-
view for supporting 3D image needs relatively high QoS
compared to that corresponding to right-view, and the
data segment corresponding to I-frame needs relatively
high QoS among those corresponding to I-frame, P-
frame, B-frame.

[0054] Referring to FIG. 4, such is a case where the
source block includes different types of data segments
that require different QoS. In this regard, one type of data
segment may include data corresponding to assets of
one kind, or made up by multiplexing data corresponding
different kinds of assets.

[0055] Inacase wherethe data segments include data
corresponding to assets of a kind, it is desirable to apply
the partial two-stage FEC encoding as proposed in FIG.
4. Otherwise, in a case where the data segments are
made up by multiplexing data corresponding to different
kinds of assets, it is desirable to apply the full two-stage
FEC encoding as proposed in FIG. 3. However, even in
the case data segments are made up by multiplexing
data corresponding to different kinds of assets, if an in-
dependent data segment is configured for data of an as-
set to be subject to the second FEC encoding, it is de-
sirable to apply the partial two-stage FEC encoding of
FIG. 4.

[0056] Thus, keeping the foregoing in mind in the two-
stage FEC encoding, itis essential to identify which types
of data segments are includedin the source block in order
to selectively apply the full two-stage FEC encoding and
the partial FEC encoding. For example, an MMT package
defines a Transport Characteristic (TC) for each of MMT
assets. The TC includes information about error recov-
ery. That is, the error recovery information is one of the
TC information. For example, the TC may include infor-
mation about QoS, such as QoS information, needed for
each asset. The QoS information may be defined based
on the foregoing factors, such as an allowable extent of
transmission loss, an allowable delay, and/or the like.
[0057] FIGs. 5to 7 show types of data segments that
make up the source block according to an exemplary
embodiment of the present invention. Referring to FIGs.
5 to 7, data that makes up the source block includes a
video asset, an audio asset, and a file asset, each of
which is given unique identification information 1DO, ID1,
or ID2.

[0058] ReferringtoFIG.5, data segmentsinthe source
block are shown, wherein the data segments correspond-
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ing to assets of one kind. Thatis, in FIG. 5, a video asset,
an audio asset, and afile asset each given a unique iden-
tification information, which may be referred to as asset
identification information, each corresponding to an in-
dependent data segment. Thus, a header of each data
segment contains one piece of asset identification infor-
mation.

[0059] Accordingly, in the two-stage FEC encoding,
from the asset identification information recorded in the
header of each data segment, which asset the data con-
tained in the data segment is about may be identified.
This enables identification of the data segment that cor-
responds to the file asset to be subject to the second
FEC encoding from among data segments that make up
the source block, and thus the partial two-stage FEC en-
coding is applied in the case of FIG. 5.

[0060] FIG. 6 shows data segments, some of which
are made up by multiplexing data for different kinds of
assets, such as a video asset and an audio asset, and
the other of which includes data for an asset of one kind,
such as a file asset. Asset identification information for
the audio and video assets is recorded in the header of
the data segment made up by the multiplexing, and asset
identification information for file asset exists in the header
of the data segment including one asset.

[0061] Accordingly, in the two-stage FEC encoding,
from the asset identification information recorded in the
header of each data segment, which asset the data con-
tained in the data segment is about may be identified.
This enables identification of a data segment that corre-
sponds to a file asset to be subject to the second FEC
encoding from among data segments that make up the
source block, and thus the partial two-stage FEC encod-
ing is applied in the case of FIG. 6.

[0062] FIG. 7 shows data segments each made up by
multiplexing data for different kinds of assets, such as a
video asset, an audio asset, and a file asset. That is, in
FIG. 7, headers of all data segments each include asset
identification information for the audio asset, video asset,
and the file asset.

[0063] Thus, in the two-stage FEC encoding, it is diffi-
cult to extract data for a particular asset, e.g., the file
asset, from the asset identification information recorded
in the header of each data segment. In this case, it is
impossible to distinguish data only for the file asset to be
subject to the second FEC encoding from the source
block, the full two-stage FEC encoding scheme is applied
to the case of FIG. 7.

[0064] Table 1 shows an exemplary format of a data
segment defined to determine which two-stage FEC en-
coding scheme is to be used. That is, Table 1 shows an
example of providing QoS identification information in
the header of a data segment.

Table 1

[Table 1]
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(continued)

QoS Indicator

[0065] In Table 1, a QoS Indicator is information that
identifies priority, layer type, frame type, transmission
type, FEC performance, data type, etc. For example, the
QoS Indicator may be used to identify "High or Low Pri-
ority", "Base Layer or Enhanced Layer", "I-frame or not",
"I-frame or other-frame", "Timed data or Non-timed data",
"High or Low FEC Protection", "Left-view or Right-view",
"AV data or File data", or the like. For example, if QoS
Indicator has information that identifies the "Base Layer
Asset" and "Enhanced Layer Asset", a data segment for
the base layer asset and a data segment for the en-
hanced layer asset may be distinguished. In this case,
from the asset identification information recorded in the
header of each data segment that makes up the source
block, which asset the data segment is about may be
recognized. Therefore, in this case, the partial FEC en-
coding may be applied where only the data segment for
the base layer asset may be subject to the second FEC
encoding.

[0066] However, itis not true for a case in which a data
segment is made up by multiplexing data for the base
layer asset and data for enhanced layer asset. It is be-
cause asset identification information for the base layer
asset and asset identification information for the en-
hanced layer asset exist together in the header of the
data segment. Therefore, in this case, the full FEC en-
coding may be applied because the second FEC encod-
ing may not be performed only on the data segment for
the base layer asset.

[0067] Inanother case, the QoS Indicator has informa-
tion that identifies "I-frame" from "other-frame". In this
case, a data segment for I-frame and a data segment for
P-frame or B-frame may be separately configured. Thus,
from identification information recorded in the header of
each data segment that makes up the source block,
which frame the data recorded in the payload is about
may be recognized. The identification information may
be information indicating whether the payload of the data
segment contains data of I-frame or not.

[0068] Since the type of data contained in the payload
of the data segment may be recognized from the identi-
fication information, the partial two-stage FEC encoding
in which the second FEC encoding is performed on the
data segment of a desired type among data segments
that make up the source block may be possibly applica-
ble. However, in a case of configuring a data segment
by multiplexing data of the I-frame and data of other-
frame, e.g., a P-frame or a B-frame, it is difficult to extract
only the data segment that corresponds to the I-frame.
Such is the case because asset identification information
for the I-frame and asset identification information for the
other-frame exist together in the header of the data seg-
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ment that makes up the source block.

[0069] On the other hand, in order to correctly decode
the source coded block generated by the two-stage FEC
encoding according to the exemplary embodiment of the
present invention, coded signal information should be
newly defined. The coded signal information is derived
from the two-stage FEC encoding used to generate the
source coded block. The coded signal information should
be configured by taking into account which one of the full
FEC encoding and the partial FEC encoding was em-
ployed for the two-stage FEC encoding. In addition, it is
desirable to configure the coded signal information by
taking into account a transmission scheme of the coded
signal information and a format to be used for the source
payload as well. The transmission scheme of the coded
signal information may be classified into in-band signal-
ing and out-band signaling.

[0070] For example, FEC configuration information
that makes up the coded signal information mainly in-
cludes atleast one of length information and identification
information. Furthermore, not only a combination of the
first FEC code and the second FEC code but also a flag
foridentifying whatis subjectto the second FEC encoding
may be added. For example, the flag enables identifica-
tion of whether the full two-stage encoding, in which the
entire source block was subject to the second FEC en-
coding was used, or the partial two-stage encoding, in
which data segments of one type among different types
of data segments were subject to the second FEC en-
coding, was used.

[0071] The length information includes at least one of
information of source block length, information of sub
block length, information of source part length, informa-
tion of base parity part length, and information of extend-
ed parity part length. The length information may be in-
formation of the number of elements. In other words, the
length information includes at least one of the number of
data segments in the source block, the number of data
segments in the sub block, the number K of source pay-
loads in the source part, the number P1 of parity payloads
in the base parity part, and the number P2 of parity pay-
loads in the extended parity part.

[0072] The identification information includes at least
of identification information of the source block, identifi-
cation information of the sub block, identification infor-
mation of the source part, identification information of the
base parity part, identification information of the extended
parity part, identification information of each source pay-
load that resides in the source part, identification infor-
mation of each parity payload that resides in the base
parity part, identification information of each parity pay-
load that resides in the extended parity part, and identi-
fication information of each data segment that makes up
the sub block. In addition, there may be identification in-
formation of a coding unit block.

[0073] Theidentification information of the source pay-
load may use a sequence number in ascending order or
in descending order according to the position of the
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source payload within the source part. The identification
information of the base parity payload may use a se-
quence number in ascending order or in descending or-
der according to the position of the base parity payload
within the base parity part. The identification information
of the extended parity payload may use a sequence
number in ascending order or in descending order ac-
cording to the position of the extended parity payload
within the extended parity part.

[0074] FIG. 8 shows an exemplary transmission of the
coded signalinformation using in-band signaling, accord-
ing to an exemplary embodiment of the presentinvention.
[0075] Referring to FIG. 8, a structure of the coded
signal packet or FEC control packet for transmission of
the coded signal information based on in-band signaling
is shown. A FEC control packet 810 includes an FEC
control packet header 820 and a payload. The payload
includes an FEC coding structure field 830 and an FEC
configuration info field 840.

[0076] The FEC control packet header 820 includes
information identifying that it is an FEC control packet,
and the FEC coding structure field 830 includes informa-
tion that identifies which encoding scheme was used for
the source coded packet being transmitted. For example,
flag values recorded in the FEC coding structure field
830 are defined to distinguish cases of AL-FEC is not
applied 831, One-stage FEC coding applied 832, Full
Two-stage FEC coding structure (method 1) 833, and
Partial Two-stage FEC coding structure (method 2) 834.
That is, a flag value for AL-FEC is not applied 831 is
defined to be 'b000’, a flag value for One-stage FEC cod-
ing applied 832 is defined to be 'b001’, a flag value for
Full Two-stage FEC coding structure (method 1) 833 is
defined to be 'b010’, and a flag value for Partial Two-
stage FEC coding structure (method 2) 834 is defined to
be 'b011’.

[0077] The FEC configuration info field 840 includes
control information regarding the two-stage FEC encod-
ing. That is, the control information regarding the two-
stage FEC encoding included in the FEC configuration
info field 840 includes information about the first FEC
encoding and information about the second FEC encod-
ing. The information about the first FEC encoding in-
cludes information of a used FEC code, such as FEC 1
code ID 841, alength of the sub block, such as Sub-Block
Length 842, a length of the first parity block, such as
Parity 1 Block Length 843, identification information of a
source flow, such as Source Flow ID=0x0000 844, iden-
tification information of the first parity flow, such as Parity
1 Flow ID=0x0002 845, and other similar information.
[0078] The information about the second FEC encod-
ing includes information of a used FEC code, such as
FEC 2 code ID 846, a length of the source block or partial
source block, such as (Partial) Source Block Length 847,
alength of the second parity block, such as Parity 2 Block
Length 848, identification information of a source block
or partial source flow, such as (Partial) Source Flow
ID=0x0001 849, identification information of the second
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parity flow, such as Parity 2 Flow ID=0x0003 850, and
other similar information. In a case having the (Partial)
Source Block Length 847, Sub Block length 842, and
Parity 1 Block length 843 fields in fixed sizes, out-band
signaling for transmission in the FEC control packet may
be applied. In contrast, in case of having AL-FEC in a
variable size, in-band signaling for transmission in FEC
packets may be applied.

[0079] FIG. 9 is an exemplary structure of a source
packet that makes up the source part of the sub coded
block for transferring the coded signal information using
in-band signaling, according to an exemplary embodi-
ment of the present invention.

[0080] ReferringtoFIG. 9, asource packet 910 is gen-
erated by AL-FEC encoding of a source payload 920 in
a form of MMT packet. In other words, the source packet
910 is an MMT packet resulting from application of the
AL-FEC encoding in which each source payload 920, i.e.
MMT packet, is FEC encoded and then afield for in-band
signaling is added thereto. The field for in-band signaling
has the coded signal information recorded. Each source
payload 920 that makes up the source block is configured
by combining an MMT header 940 and an MMP payload
950. As described above, in case of using the in-band
signaling, the coded signal information in the source
packetis provided in a field 930 for in-band signaling and
the MMT header 940 added to the FEC coded source
payload.

[0081] FIG. 10 is an exemplary structure of a parity
packet that makes up the parity part of the sub coded
block for transferring the coded signal information using
in-band signaling, according to an exemplary embodi-
ment of the present invention.

[0082] ReferringtoFIG. 10, in case the source payload
that makes up the source block is an MMT packet, one
or more parity payloads 1040 generated by FEC encod-
ing of the source payload are included in a single parity
packet 1010. That is, the parity packet 1010 is an MMT
packet having an MMT header 1020 and a field 1030 for
in-band signaling, such as FEC In-band Signals, in ad-
dition to one or more parity payloads 1040. The parity
packet 1010 is for the parity payload with AL-FEC en-
coding applied. As described above, in case of using the
in-band signaling, the coded signal information in the par-
ity packet is provided in the MMT header 1020 and the
field 1030 for in-band signaling added to the FEC coded
parity payload 1040.

[0083] FIG. 11 is a structure of the MMT header of the
MMT packet that corresponds to the source packet of
FIG. 9 or the parity packet of FIG. 10, according to an
exemplary embodiment of the present invention.

[0084] Referring to FIG. 11, the structure of an MMT
header 1110 shown in FIG. 11 assumes that the source
payload is an MMT packet. The MMT header 1110 in-
cludes a payload type field 1120 and an FEC coding
structure field 1130. The FEC coding structure field 1130
is equal to the FEC coding structure 814 that makes up
the FEC control packet as shown in FIG. 8.
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[0085] The payload type field 1120 includes a flag to
define a type of the payload of the MMT packet. For ex-
ample, the type of the payload may be classified into a
source payload 1121, a partial source payload 1122, a
first parity payload 1123, and a second parity payload
1124. In this case, the flag of the payload type field 1120
has a value to define each of the four types of payloads.
For example, the flag for the source payload 1121 has a
value of '0x0000’, the flag for the partial source payload
1122 has a value of '0x0001’, the flag for the first parity
payload 1123 has a value of '0x0002’, and the flag for
the second parity payload 1124 has a value of '0x0003’.
Thus, the flag enables recognition of a type of the payload
that makes up the MMT packet.

[0086] For example, in a case where a value of the
FEC coding structure field 1130 indicates a partial two-
stage FEC coding structure and the flag of the payload
type field 1120 has a value 0x0000 indicating the source
payload 1121, then it may be recognized that the payload
of the MMT packet is the source payload except for the
partial source payload among source payloads in the
source block. However, the sub block may include both
the source payload and the partial source payload. In
another case, if a value of the FEC coding structure field
1130 indicates a partial two-stage FEC coding structure
and the flag of the payload type field 1120 has a value
0x0001 indicating the partial source payload 1122, then
it may be recognized that the payload of the MMT packet
is the partial source payload among source payloads in
the source block.

[0087] In yet another case using the partial FEC en-
coding, the flag of the payload type field 1120 in the head-
er of the parity packet that is generated from the sub
block and makes up the first parity part is set to have a
value of '0x0002’. The value of the flag ’'0x0002’ implies
that the payload of the MMT packet is the first parity pay-
load 1123 generated by the first FEC encoding of the
source payload in the source block.

[0088] In yet another case of using the partial FEC en-
coding, the flag of the payload type field 1120 in the head-
er of the parity packet that is generated from the partial
source payload inthe sub block and makes up the second
parity part is set to have a value of '0x0003’. The value
of the flag '0x0003’ implies that the payload of the MMT
packet is the second parity payload 1124 generated by
the second FEC encoding of the partial source payload
in the source block. On the other hand, it is suitable for
the MMT header of FIG. 11 to be applied to a case in
which the coding structure varies dynamically. For a case
that the coding structure varies infrequently, the use of
the FEC control packet may be more suitable.

[0089] FIGs. 12a to 12d show a structure of FEC In-
band signals 930, 1030 of the MMT packet that corre-
sponds to the source packet of FIG. 9 or the parity packet
of FIG. 10, according to an exemplary embodiment of
the present invention.

[0090] Referring to FIGs. 12a to 12d, a structure of
FEC in-band signals 1210, 1220, 1230, 1240, as shown
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in FIGs. 12a to 12d assumes that the source payload is
an MMT packet. The structure of the FEC in-band signals
1210, 1220, 1230, 1240 may be separately defined by
payload types of the MMT packet. For example, FIG. 12a
is a structure of the FEC in-band signal 1210 in a case
where the payload of the MMT packet is the source pay-
load, andFIG. 12b is a structure of the FEC in-band signal
1220 in a case where the payload of the MMT packet is
the partial source payload. FIG. 12c is a structure of the
FEC in-band signal 1230 in a case where the payload of
the MMT packet is the first parity payload, and FIG. 12d
is a structure of the FEC in-band signal 1240 in a case
where the payload of the MMT packet is the second parity
payload.

[0091] Each ofthe FEC in-band signals shownin FIGs.
12ato 12d have a Block ID field 1211, 1221, 1231, 1241,
a Payload ID field 1212, 1222, 1232, 1242, and a Block
Length field 1213, 1223, 1233, 1243, respectively. Each
of the Block ID fields 1211, 1221, 1231, 1241 has infor-
mation for identifying a block area the corresponding pay-
load belongs to. For example, the Block ID fields 1211,
1221, 1231, 1241 may have a Sub-Block ID 1214, 1225,
1234, and/or a Partial Source Block ID 1224, 1244. That
is, in the FEC In-band Signals 1210 of the source packet
including the source payload, the Block ID field 1211 in-
cludes the Sub-Block ID 1214, and in the FEC In-band
Signals 1220 of the source packet including the partial
source payload, the Block ID field 1221 includes the Par-
tial Source Block ID 1224 and the Sub-Block ID 1225.
[0092] In the FEC In-band Signals 1230 of the parity
packetincluding the first parity payload, the Block ID field
1231 includes the Sub-Block ID 1234, and in the FEC In-
band Signals 1240 of the parity packet including the sec-
ond parity payload, the Block ID field 1241 includes the
Partial Source Block ID 1244. The Sub-Block ID 1214,
1225, 1234 each include identification information for dis-
tinguishing between sub blocks. Thus, the Sub-Block ID
1214, 1225, 1234 is set to the same value as an ID of
the parity block generated from the sub block, which
means that the sub block and the parity block are con-
figured in a single FEC block. The same is the case for
the Partial Source Block ID 1224, 1244. That s, the Sub-
Block ID 1214, 1225, 1234 and the Partial Source Block
Id 1224, 1244 correspond to the FEC Block ID.

[0093] The Payload ID field 1212, 1222, 1232, 1242
has information about an order of each payload in the
FEC Block. Forexample, the Payload IDfield 1212, 1222,
1232, 1242 has a Source Payload ID 1215, 1227, and/or
a Partial Source Payload ID 1226 or a Parity 1 Payload
ID 1235 or a Parity 2 Payload ID 1235. That is, in the
FEC In-band Signals 1210 of the source packet including
the source payload, the payload ID field 1212 includes
the Source Payload ID 1215; and in the FEC In-band
Signals 1220 of the source packet including the partial
source payload, the Payload ID field 1222 includes the
Partial Source Payload ID 1226 and the Source Payload
ID 1227.

[0094] In the FEC In-band Signals 1230 of the parity
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packet including the first parity payload, the Payload ID
field 1232 includes the Parity 1 Payload ID 1235, and in
the FEC In-band Signals 1240 of the parity packetinclud-
ing the second parity payload, the Payload ID field 1242
includes the Parity 2 Payload ID 1245.

[0095] The Source Payload ID 1215, 1227 is informa-
tion indicating how many source payloads are in the sub
block, i.e. are in the place of the corresponding source
payload from among other source payloads, and the Par-
tial Source Payload ID 1226 is information indicating how
many source payloads are in the partial source block.
The Parity 1 Payload ID 1235 is information indicating
how many payloads are in the first parity block, and the
Parity 2 Payload ID 1245 is information indicating how
many payloads are in the second parity block.

[0096] The Block Length field 1213, 1223, 1233, 1243
has information about each block length. In an example,
the Block Length field 1213, 1223, 1233, 1243 indicates,
for source payloads included in a sub block, how many
source payloads make up the sub block, for a partial
source block, how many partial source payloads make
up the partial source block, for a first parity block, how
many first parity payloads make up the first parity block,
and for a second parity block, how many second parity
payloads make up the second parity block. That s, in the
FEC In-band Signals 1210 of the source packet including
the source payload, the Block Length field 1213 includes
the Sub-Block Length 1216, and in the FEC In-band Sig-
nals 1220 of the source packet including the partial
source payload, the Block Length field 1223 includes the
Partial Source Block length 1228 and the Sub-Block
length 1229.

[0097] In the FEC In-band Signals 1230 of the parity
packet including the first parity payload, the Block Length
field 1233 includes the Parity 1 Block Length 1236, and
in the FEC In-band Signals 1240 of the parity packet in-
cluding the second parity payload, the Block Length field
1243 includes the Parity 2 Block Length 1246. Mean-
while, the FEC In-Band Signaling scheme may be largely
classified into a scheme based on the sequence number
and a scheme based on the payload ID.

[0098] First, in the scheme based on the sequence
number, a sequence number is assigned to an entire
source payload, including a partial source payload, pro-
tected by the first FEC encoding in an incrementing man-
ner. The sequence number assigned to the entire source
payload may be used as the Source Payload ID. A se-
quence number is assigned to a partial source payload
protected by the second FEC encoding in an increment-
ing manner. The sequence number assigned to the par-
tial source payload may be used as the Partial Source
Payload ID. In this case, a Block ID may be set to be the
sequence number assigned to the first packet in each
FEC block. The Block ID is set for all packets in the FEC
block in common.

[0099] Next, in case where the scheme is based on
the Payload ID, the Block ID is set to distinguish the FEC
block in FIGs. 12a to 12d. For example, the Block ID for
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all packets of the first FEC block is set to '0’, and the
Block ID for all packets of the second FEC block is set
to ’1’. That is, the Block ID is set based on the order of
the FEC blocks. The payload ID is given for each source
payload in the sub block, or partial sub block, as 0, 1,
2,...,or K-1, wherein K is the number of source payloads
in the sub block, and for each parity payload in the parity
block as 0, 1, 2,..., or P-1, wherein P is the number of
parity payloads in the parity block, orK, K+1, ..., K+ P -1.
[0100] FIGs. 13aand 13bshowimplementations ofthe
partial two-stage FEC encoding scheme with in-band sig-
naling, according to an exemplary embodiment of the
present invention.

[0101] Referring to FIGs. 13a and 13b, in case where
the source payload is an MMT packet, FIG. 13a shows
a structure of the source block and FIG. 13b shows a
structure of the source coded block for in-band signaling.
An example of a single source block including 12 packets
corresponding to 6 pieces of video data, 3 pieces of audio
data, and 3 pieces of file data, as is shown in FIG. 13a.
Each of the 12 packets consists of an MMT header and
an MMT payload. Furthermore, assume that the single
source block is divided into a single sub block. That is,
assume that the source block and the sub block includes
the same data segments.

[0102] The first FEC encoding with the first FEC code
is performed on 12 data segments that make up the
source block, i.e. 12 packets. The first FEC encoding
generates 12 source packets and 4 base parity packets.
Each of 12 source packets has a source payload, i.e. an
MMT Packet, and FEC in-band signals. The source pay-
load consists of an MMT payload and an MMT header.
Each of the 4 base parity packets has a parity payload,
FEC in-band signals, and an MMT header.

[0103] Thesecond FEC encodingwith the second FEC
code is performed on partial source block, such as 3 File
packets, from among 12 data segments, i.e. the 12 pack-
ets that make up the source block. The second FEC en-
coding generates 2 extended parity packets. Each of the
2 extended parity packets has a parity payload, FEC in-
band signals, and an MMT header. The MMT headers
of the 12 source packets, the 4 base parity packets, and
the 2 extended parity packets have flags indicating which
type of data makes up the payload of the corresponding
packet.

[0104] For example, the MMT header of the source
packet having a source payload that corresponds to vid-
eo and audio data has the flag set to be '0x0000’, and
the MMT header of the source packet having a source
payload that corresponds to file data has the flag set to
be '0x0001’. The MMT headers of the 4 base parity pack-
ets have the flag set to be '0x0002’, and the MMT headers
of the 2 extended parity packets have the flag set to be
’0x0003’.

[0105] FECin-bandsignalsthatmake upthe 12 source
packets, 4 base parity packets, and 2 extended parity
packets may be set according to the flag value set in the
MMT header. For example, independently of the flag val-
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ue set in the MMT header in the 12 source packets, 4
base parity packets, and 2 extended parity packets, the
FEC in-band signals of the 12 source packets, 4 base
parity packets, and 2 extended parity packets have a
‘Block ID’, a 'Payload ID’, and a 'Block Length’ in com-
mon. However, the FEC in-band signals of a source pack-
et having a flag set to be '0x0001’ in the MMT header,
i.e., apartial source packet among the 12 source packets
additionally include a 'Partial Block ID’, a 'Partial Payload
ID’, and a ’Partial Block Length’. That is, in case of the
partial source payload, the FEC in-band signals include
the 'Partial Block ID’, 'Partial Payload ID’, and ’Partial
Block Length’.

[0106] The coded signal information needs to be pro-
vided to the decoding apparatus based on a predeter-
mined transmission scheme. For example, the transmis-
sion scheme may be either an out-band signaling based
transmission scheme or an in-band signaling based
transmission scheme.

[0107] FIG. 14 shows a block diagram of an apparatus
for transmitting the coded signal information using the
out-band signaling, according to an exemplary embodi-
ment of the present invention.

[0108] Referring to FIG. 14, a data steam 1 corre-
sponding to some raw AV contents 1401 stored in ad-
vance or generated is provided to an AV codec encoder
1403. An example of the data stream 1 may be araw AV
stream. The AV codec encoder 1403 compresses the
data stream 1 with audio codec and video codec encod-
ers and provides the compressed data stream 2 to a
transport protocol packetizer 1405.

[0109] The transport protocol packetizer 1405 config-
ures a source block 3 to be subject to FEC encoding
based on the compressed data stream 2, and provides
the source block 3 to an FEC encoder 1407. At this time,
an encoding structure and/or encoding configuration re-
lated information for FEC encoding may be provided to-
gether. The FEC encoder 1407 performs first FEC en-
coding and second FEC encoding on the source block
based on the encoding structure and/or the encoding
configuration related information. The FEC encoder 1407
provides the transport protocol packetizer 1405 with a
source coded block 4 generated by the first FEC encod-
ing and the second FEC encoding. The transport protocol
packetizer 1405 configures an FEC packet 7 by adding
a header to the source coded block 4 provided by the
FEC encoder 1407, and transmits the FEC packet 7 over
a network. The transport protocol packetizer 1405 also
configures the coded signal information, i.e. the FEC con-
trol information corresponding to the FEC packet 7, to be
transmitted over the network.

[0110] The transport protocol packetizer 1405 may
generate a coded signal packet 5, i.e., an FEC control
packet 5 according to the coded signal information and
transmit the coded signal packet 5 ahead of transmission
of the FEC packet 7 over the network for a decoding
apparatus to refer to the coded signal information 5, i.e.
the FEC control information 5 in decoding the received
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FEC packet 7. Forexample, the decoding apparatus may
obtain FEC structure and/or FEC coding configuration
related information from the coded signal information 5,
i.e., the FEC control information 5.

[0111] A transport protocol de-packetizer 1409 re-
ceives an FEC control packet 6, and prepares for decod-
ing of a source coded packet 8, which is to be received
later, based on the coded signal information obtained
from the received FEC control packet 6. Receiving the
source coded packet 8, the transport protocol de-pack-
etizer 1409 obtains from the source coded packet 8 a
source coded block 9 based on the coded signal infor-
mation obtained in advance and provides the source cod-
ed block 9 to an FEC decoder 1411. The FEC decoder
1411 obtains data segments per sub block by performing
decoding on the source coded block 9 received from the
transport protocol de-packetizer 1409 based on the cod-
ed signal information obtained in advance. If there is a
data segment missing, the missed data segment is re-
covered.

[0112] The FEC encoder 1411 provides the transport
protocol de-packetizer 1409 with a source block 10 ob-
tained from decoding of the source coded block 9. The
transport protocol de-packetizer 1409 configures a com-
pressed data stream 11 from the source block 10 provid-
ed from the FEC Decoder 1411, and provides the com-
pressed data stream 11 to an AV codec decoder 1413.
The AV codec decoder 1413 extracts a video and audio
data stream 12 corresponding to AV content from the
compressed data stream 11 with audio codec and video
codec decoders, and provides the video and audio data
stream 12 to a display 1415.

[0113] FIG. 15 shows a block diagram of an apparatus
for transmitting the coded signal information using in-
band signaling, according to an exemplary embodiment
of the present invention.

[0114] Referring to FIG. 15, a processing procedure in
the apparatus of FIG. 15 is similar to the foregoing pro-
cedure of FIG. 14. However, the processing procedure
of FIG. 15 includes no operations corresponding to steps
5 and 6 in FIG. 14. Due to the omission of reference
numbers 5 and 6, reference numbers 7 to 12 of FIG. 14
correspond to reference numbers 5 to 10 of FIG. 15.
[0115] For reference numbers 5 and 6 of FIG. 15, the
FEC control information, i.e. the coded signal information
about a corresponding source packet or parity packet, is
forwarded in the header of the source packet or parity
packetin the source coded block, inin reference numbers
5 and 6 of FIG. 15. In FIGs. 14 and 15, the AV content
is assumed for description, but the present invention is
not limited thereto, and any similar and/or suitable type
of content may be used. For example, the same is the
case for the hybrid content delivery service by which AV
data and file data are transmitted together. In the case
of the hybrid content delivery service, the source block
includes data segments corresponding to the file data as
well as data segments corresponding to the AV data.
[0116] According to the above described exemplary
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embodiments, efficient protection of the source block is
possible by applying selective FEC encoding for different
kinds of data having different QoS requirements for a
broadcasting service.

[0117] While exemplary embodiment of the presentin-
vention has been particularly shown and described with
reference to embodiments thereof, it will be understood
by those of ordinary skill in the art that various changes
in form and details may be made therein without depart-
ing from the spirit and scope of the present invention as
defined by the following claims. Furthermore, the modi-
fications should not be understood separately from the
spirit and scope of the present invention.

[0118] For example, the foregoing exemplary embod-
iment of the present invention assumes the case the
source payload has the MMT payload format. That is, in
the case the source payload has the MMT payload for-
mat, the method of configuring the source block was de-
scribed. However, the exemplary embodiment of the
present invention is equally applied in a case the source
payload has an MMT packet format. Here, the MMT pack-
et format has the MMT payload format plus the MMT
header. In this case, it is desirable for the MMT payload
format to be replaced by the MMT packet format, and for
information, such as asset ID or I-frame indicator to be
stored in the MMT header.

[0119] While the invention has been shown and de-
scribed with reference to certain exemplary embodi-
ments thereof, it will be understood by those skilled in
the art that various changes in form and details may be
made therein without departing from the spirit and scope
of the invention as defined by the appended claims and
their equivalents.

Claims

1. An operating method of a signal sending apparatus
in a multimedia system, the method comprising:

generating a first source symbol block for for-
ward error correction (FEC) encoding when an
FEC coding structure is used,

wherein the first source symbol block includes
at least two source symbol blocks, and
wherein the at least two source symbol blocks
include source symbol blocks from different lay-
ers.

2. Theoperating method of claim 1, wherein the source
symbol blocks from the different layers include a
source symbol block of a first layer and at least one
source symbol block of a second layer related to the
first layer.

3. The operating method of claim 1, wherein the first
source symbol block includes moving picture experts
group media transport (MMT) packets from the dif-
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ferent layers.

The operating method of claim 1, wherein the coding
structure is for layered media data.

The operating method of claim 4, wherein the atleast
two source symbol blocks are combined based on a
dependency hierarchy.

The operating method of claim 4, wherein the layered
media data includes at least one of scalable video
coding (SVC) and multi-view coding (MVC).

The operating method of claim 2, wherein the first
layer includes a base layer, and the second layer
includes an enhanced layer.

The operating method of claim 7, wherein the en-
hanced layer depends on the base layer.

The operating method of claim 1, further comprising:

sending information related to an application
layer forward error correction (AL-FEC) coding
structure which is applied in the signal sending
apparatus.

The operating method of claim 9, wherein the infor-
mation related to the AL-FEC coding structure in-
cludes one of information indicating that the AL-FEC
coding structure is not applied, information indicating
an one-stage FEC coding structure, information in-
dicating a two-stage FEC coding structure, and in-
formation indicating the FEC coding structure.

The operating method of claim 10, wherein, in the
two-stage FEC coding structure:

each of M source packet blocks is converted to
a source symbol block if one first source packet
block is split into the M source packet blocks,
each of M source symbol blocks is encoded by
an FEC 1 code, the M symbol blocks are con-
catenated to form a single symbol block encod-
ed by an FEC 2 code, M repair symbol blocks
are generated from the M source symbol blocks
encoded bythe FEC 1 code, and one repair sym-
bol block is generated from the single symbol
block encoded by the FEC 2 code.

A signal sending apparatus configured to perform
the method of one of claims 1 to 11.
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[Fig. 1]
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[Fig. 2a]
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[Fig. 2b]
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[Fig. 3]
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[Fig. 5]
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[Fig. 12b]
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[Fig. 13a]
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[Fig. 13b]
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[Fig. 14]
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